SYNOPSIS Formaldehyde or gluteraldehyde cells treated with tannic acid were coated with plasminogen. These cells are agglutinated by plasminogen antiserum and this reaction can be quantitatively inhibited by purified plasminogen, plasma, and euglobulin. Correlation between this haemagglutination assay and a caseinolytic method is good. The sensitivity of the technique is high and compares favourably with other immunological methods and is approximately 10 times more sensitive than caseinolytic assays. The merits of this type of assay are discussed.
Plasminogen is an essential component of the fibrinolytic system (Sherry, 1968) , and a knowledge of its plasma concentration is useful in pathological coagulation-fibrinolytic states, such as during fibrinolytic therapy, disseminated intravascular coagulation, and fibrinolytic states associated with pregnancy (McKay, 1965; Pechet, 1965; Basu, 1969) . Routine techniques for the assay of plasminogen depend upon its activation to plasmin which has endopeptidase activity; this can be measured using various techniques, including caseinolysis, fibrin plates, esterase activity with synthetic esters, and clot lysis (Troll, Sherry, and Wachmann, 1954; Robert, 1958;  Alkjaersig, Fletcher, and Sherry, 1959; Berg, Korsan-Bengtsen, and Ygge, 1966;  Wolf, 1968; Ygge, 1970) .
Recent work has shown the difficulties in obtaining both maximum activation of plasminogen and minimum inhibition of the plasmin formed by naturally occurring antiplasmins. Since the development of methods for preparing very pure plasminogen, and hence specific antiserum, attempts have been made to assay this protein by immunological methods (Ganrot and Nilehn, 1968; Rabiner, Goldfine, Hart, Summaria, and Robbins, 1969) . Both these studies demonstrate that it is possible to measure plasminogen immunologically but the methods described are time consuming and not available for routine laboratories. Haemagglutination inhibition techniques have been used to assay many proteins and are based on the original work of Salk (1944) and Boyden (1951) and later developed by many workers; red cells coated with Received for publication 18 July 1970. antigen are agglutinated by appropriate antiserum and this agglutination can be inhibited by homologous antigen (Hebert, 1967) .
This study was undertaken in order to devise a haemagglutination inhibition assay for plasminogen that, whilst being accurate, reproducible, and with a high sensitivity, would also be simple and quick. Investigations were performed to find the optimum conditions for coating the cells with plasminogen and their subsequent use for performing the assay. 
Materials

Methods
FIXING OF CELLS WITH FORMALDEHYDE OR GLUTERALDEHYDE
The sheep red blood cells4 were washed three times in approximately 50 volumes of 0-9 % saline. The packed cells volume was measured after centrifugation at 1,000 g for five minutes. The details of the formalization technique have been described by Das (1970) . Alternatively, gluteraldehyde5-fixed cells were prepared by the method of Bing, Weyand, and Stavitssky (1967 The reaction between antibody and sensitized cells could be specifically inhibited by purified plasminogen, plasma, serum, and euglobulin. Figures 1  and 2 show that the degree of inhibition was proportional to the caseinolytic activity (r = 1 00, p < 0001; r = 099, p < 0-001). The intercept on the y axis in Fig. 2 represents the sensitivity of the method. Figure 3 illustrates the linear correlation between antiserum concentration and the inhibition titre (r = 100, P< 0001).
COMPARISON OF HAEMAGGLUTINATION INHIBITION AND CASEINOLYTIC ASSAYS
Thirty-five samples of euglobulin were assayed both by the haemagglutination inhibition assay and by the caseinolytic method. The results are given in Fig. 4 which shows a good correlation between the two methods. 
Discussion
This assay is based on the specificity of a plasminogen-anti-plasminogen antiserum reaction. Although Robbins, Summaria, Elwyn, and Barlow (1965) have shown by moving-boundary electrophoresis that their purified plasminogen is not homogeneous, they emphasize that the small components suggesting a heterogeneous mixture may be artifact, either subunits or peptide fragments, and do not represent true multi-molecular forms of plasminogen as has been reported in dogs (Hererlein and Barnhart, 1967 (Figs. 1-4 ). All these observations suggest that this assay system is both quantitatively and qualitatively suitable for measuring plasminogen. Two problems arose when the haemagglutination inhibition assay was used to measure the plasminogen content of plasma. First a heterophile antibedy (Salo, 1966) (Kline, 1966) , it is easy to prepare and does not require to be adsorbed as the heterophile antibody is diluted out before the end point is reached. As Fig. 4 shows, a good correlation between the two methods was found and compares favourably with that of Rabiner et al (1969) , using acid-treated plasma and of Ganrot and Nilehn (1968) with an immunodiffusion technique. The correlation coefficients found with these techniques are very similar and may represent the maximum obtainable. Although the regression line intersects the caseinolytic axis (Fig. 4) , the haemagglutination inhibition assay can be used to measure very small quantities of plasminogen (Fig. 2) . The tanned red cell method, like other immunological assays, gave plasminogen concentrations approximately twice that with the caseinolytic assay. This technique was devised to try to overcome some of the many problems encountered with enzymological assays of plasminogen. Current techniques attempt to obtain maximum activation of plasminogen with minimum inhibition of the plasmin created by antiplasmins. As plasmin in the presence of excess activator is inhibited and because people differ in their antistreptolysin 0 titres, it is necessary to titrate the activator against plasminogen (Hummel, Buck, and de Renzo, 1966) . Acid is used to destroy antiplasmins, but this inactivation may not be complete (Jocobsen, 1964) , and if this is done with high concentrations of acid it is possible that some of the plasminogen may be destroyed (Berg et al, 1966; Wolf, 1968) . None of the enzymic assays use native fibrin as it is contaminated with plasminogen and they therefore depend upon unnatural substrates like heated fibrinogen, casein, or esters. None of these difficulties are encountered with immunological assays.
Thus this haemagglutination inhibition assay is less time consuming than any method currently available. The immunodiffusion technique requires preparative electrophoresis followed by antigenantibody crossed electrophoresis, while for the radioimmunoassay plasminogen must be isotopically labelled, the antigen-antibody mixture must incubate for 72 hours, and an expensive scintillation counter is required (Hererlein and Barnhart, 1967; Rabiner et al, 1969) . The time taken to perform the haemagglutination inhibition assay can be reduced by incubating the antigen and antiserum for a shorter time but this tends to reduce the sensitivity of the technique. After the sensitized cells have been added it is often possible to read the end point after about an hour. The sensitivity of the caseinolytic technique is approximately 0-1 CU/ml whereas the haemagglutination inhibition assay can detect as little as 0-013 CU/ml (or 3 x 10-4 CU as only 0-025 ml of sample is required). With this technique many samples can be assayed together quickly; the method is economical and simple, requiring no expensive apparatus, and the reproducibility compares favourably with that of other techniques.
